Synthetic biomolecular networks embedded in host-cells compete with cellular processes for limited intracellular resources. Resource utilization is a major variable that impacts synthetic circuit behavior. Here we show that intracellular resources could be diverted from cellular operations to a synthetic circuit by programming global mRNA decay using the sequencedependent endoribonuclease MazF. Synthetic circuit genes were protected from MazF activity by recoding the gene sequence to eliminate recognition sites, while preserving the amino acid sequence. The expression of a protected fluorescent reporter and the metabolic flux of a highvalue metabolite gluconate were significantly enhanced using this genome-scale control strategy. Proteomics measurements discovered a key host translation factor in need of protection to optimize the resource redistribution activity. A dynamic computational model demonstrated that the MazF mRNA-decay feedback loop achieved proportional control of MazF levels in an optimal operating regime. RNA-seq time-series measurements of MazF-induced cells elucidated the dynamic shifts in the transcript abundance and discovered regulatory design elements that could be used to expand the control mechanisms of the MazF resource allocator. Together, these results demonstrated that manipulation of resource allocation is a tunable parameter that can be used to redirect resources away from cellular processes to synthetic circuits to enhance target functions. 1 agriculture 1 . Novel cellular behaviors can be programmed by interacting networks of 2 biomolecules to process information from the environment and execute target functions. These 3 synthetic biomolecular circuits interact with endogenous cellular processes through competition 4 over shared resources that include ribosomes, tRNAs, polymerases, amino acids, and 5 nucleotides 2 . Resource utilization influences the predictability, function, and evolutionary stability 6 of engineered networks and constrains the achievable parameter space for synthetic circuit 7 design 3 .
INTRODUCTION
Engineered biological systems have diverse applications in medicine, bioenergy, and Thus, the enhancement of resource redistribution activity by protection of specific genes in a 136 circuit depended on the circuit composition.
138
Identifying translation factors in need of protection is challenging since the basic translation 139 machinery consists of 78 factors including ribosomal proteins and aminoacyl-tRNA synthases 16 .
140
To identify candidates, the proteome of MazF-induced cells was measured as a function of time.
141
The majority of the proteome (216 measured proteins) and 91% of 35 detectable ribosomal 142 proteins varied by less than 10% following 5 hours of induction, demonstrating that highly 143 abundant proteins were stable following exposure to MazF ( Supplementary Figure 8a ).
144
Ribosomal protein subunits S9, S20 and L17 decreased by ~20% and an essential elongation 145 factor EF-Ts decreased by approximately 80% following 5 hours of induction with MazF 146 ( Supplementary Figure 8b) . In the presence of MazF, a protected version of EF-Ts (EF-Ts-P) 147 driven by an IPTG-dependent promoter (P LAC ) significantly enhanced the expression of 148 mCherry-P compared to cells that were not induced with EF-Ts-P ( Figure 3b ). These results 149 indicated that genome-wide measurements could be used to discover support genes in need of 150 protection to augment resource redistribution activity.
152
Global mRNA decay could generate imbalances in the expression levels of genes in a 153 regulatory network. For example, high concentrations of truncated mRNA fragments could 154 saturate exonucleases that process these fragments into mononucleotides 17 . Further, mRNA 155 cleavage generates ribosome stalling at the 3' end of the mRNA, referred to as non-stop 156 complexes, which require the action of ribosome recycling factors to rescue the ribosomes 18 . circuit performance. However, the feedback loop may modulate the regulatory dynamics of was actively regulating the abundance of the mazF transcript. Corroborating this result, a 35% lower threshold of aTc was required to inhibit growth in a strain expressing MazF-P compared to induction were 2.6 and 5.9 for cells induced with MazF-U or MazF-P, revealing an ultrasensitive 180 relationship between MazF activity and cell growth. Figure 19a ).
301
The output was correlated with the predicted secondary structure Gibbs free energy (∆G) 40-47 302 bp upstream of the recognition site (ρ ranged between -0.7 to -0.6, p < 0.01) computed using Supplementary Fig. 18d ). However, the ∆G of the sequence downstream of the recognition site was not correlated with the expression level of mCherry across a broad range of window sizes
To provide insight into the programmability of MazF cleavage efficiency, we interrogated 
329
However, this mechanism cannot be generally applied to redirect resources towards engineered 
